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Abstract 
Green spaces are indispensable for the urban ecosystem. Benefits coming form trees, parks, urban and peri-urban woods can be 
the mitigation of temperature, pollution decreasing, protection from water run-off and soil erosion, aesthetics increasing and 
quality of places, providing a place for recreation, education and learning. Geographic Information Systems (GIS) helps cities 
manage forestry projects efficiently and reduce management costs. This paper presents the development of a GIS application for 
urban forestry management. For developing the GIS application, Geoserver, PostGIS/PostgreSQL, OpenLayers, GDAL, PROJ.4, 
and Entity Framework 5.0 were used. Further ASP.NET MVC4 was used for developing the web site of the application. The GIS 
application that was developed is an independent window application, which run in every modern computer with no need to be 
connected to any other software. Such a GIS application must do, this one supports the authorities to choose appropriate 
measures for urban forest management, protection and utilization by connecting attribute to spatial data. Conclusively this GIS 
application is an appropriate tool for Municipality Administration Services in cooperation with researchers and concerned 
citizens, for contribution to a better management of urban forests, providing urban population with better living conditions. 
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1. Introduction 
Green spaces are essential to the urban ecosystem. Trees, parks, urban and peri-urban woods (green spaces 
categories included within Urban Forest) can mitigate temperature, decrease pollution, water run-off and soil 
erosion, increase aesthetics and quality of places, provide a place for recreation, education and learning. Trees can 
also contribute by direct and indirect ways to reduce  CO2 in the atmosphere and contrast ‘urban heat island’. As 
Paulelt and Duhme notice, comprehensive knowledge is needed on the status and performance of the urban forest in 
order to preserve an enhance it. In particular, information is required on the tree's spatial distribution within the city 
[1].  
Cities manage their urban forests by spatially referencing their trees and using this information to select sites, 
monitor tree health and growth, schedule trimming and treatment and set policies for environmental development. 
Tasoulas and Andreopoulou [2] indicate that Information and Communication Technology (ICT) is a discipline that 
can be adequately exploited in many scientific fields, aiming to help local authorities/administrative in decision-
making process. Thus, information systems have been widely used for environmental management issues and this 
diffusion affords many gains either to researchers or to the administrators. This diffusion has already intruded in 
urban forestry management and administrators exploits several software in order to make their management plans 
more virtual. Varras et. al. [3] marks that an urban forest management plan, based on recent tree inventory data and 
analysis of available staff, equipment, and budget resources, is an essential tool for protecting this valuable resource. 
According to Barker et al. [4] an urban forest management plan is an action plan; it gives public works agencies 
detailed information, recommendations, and resources needed to effectively and pro-actively manage public trees. 
Geographic Information Systems (GIS) helps cities manage forestry projects efficiently and reduce management 
costs. GIS brings together different types of data for intelligent planning. A city’s tree database may include tree 
location, species, diameter breast height (DBH), canopy width, condition, and growth recordings. In addition to tree 
attribute data, the urban forest planner can include other relevant features from the city’s database such as streets, 
curb lines, building footprints, overhead and underground utilities, workforce areas, pest/disease quarantine zones, 
parks, and pending construction areas [5]. Tsirogiannis indicates that other attribute data concerning the trees can be 
soil, water and sun exposure requirements [6].  
As known a GIS application can project different spatial data on different layers. Integrating different map layers 
into an urban tree management project improves insight for decision making. For example, the urban forest planner 
can easily localize zones with dense planting and zones with no planting, detect conflict cases for urban planting, 
measure the growth of the trees and estimate the probable effects by it’s evolution in the next years, exploit the 
current irrigation systems in the best way, assess the tree canopy benefits [7] and many other uses.  Moreover a GIS 
approach can also be a deserving tool for recording the people status estimation and will for urban forest. Germann-
Chiari and Seeland [8] use GIS as an almost indispensable means of quantitative research, which must be 
supplemented by individual interviews or qualitative social research methods to obtain authentic assessments of the 
wishes and  aspirations of concerned people. As  Andreopoulou says [9], a rapidly evolving way for exploiting ICT's 
benefits is modern networks. The entrance in these networks can be free or restricted and the essential hardware is a 
desktop, a laptop, a tablet or a smart-phone, since mobile GIS can be alternative technology [10]. Thereby an 
intranet can be very useful for local authorities communication threw GIS and internet can be equally useful for 
dissemination of knowledge to the people and collecting data from them.  
This paper presents the development of a GIS application for urban forestry management. The aim of this effort 
was to develop a stand alone GIS network platform for communication, cooperation and diffusion of the data among 
scientists participating in a research program and for establishing internet communication among concerned citizens. 
Digitizing the urban forests of the four major cities of Epirus Region in Greece, Ioannina, Arta, Preveza and 
Igoumenitsa by using this GIS application, was the first goal of the research program. Afterwards the digitized data 
could be exported from this application and imported to another application called Envi-met for producing bio 
climatic maps.  
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2. Materials and Methods 
This application was developed using geoserver which by Deoliveira [11] is an open source software server 
written in Java that allows users to share and edit geospatial data. GeoServer is the reference implementation of the 
Open Geospatial Consortium (OGC) Web Feature Service (WFS) and Web Coverage Service (WCS) standards, as 
well as a high performance certified compliant Web Map Service (WMS).The running Data Base Management 
System was PostgreSQL [12] using the extension Post GIS 2.0.0. PostGIS is an extension that adds support for 
geographic objects to the PostgreSQL object-relational database. The dynamic maps were displayed by OpenLayers 
as provided at Opengeo [13] and by the server of the  Hellenic Cadastre [14]. One of the running libraries was 
Geospatial Data Abstraction Library (GDAL), which is a translator library for raster geospatial data formats that is 
released under an X/MIT style Open Source license by the Open Source Geospatial Foundation [15]. As a library, it 
presents a single abstract data model to the calling application for all supported formats. It also comes with a variety 
of useful commandline utilities for data translation and processing. Another library running is Cartographic 
Projection Library (PROJ.4) which converts the coordinates among different projection systems. The web site 
development took shape in ASP.NET MVC 4 [16] which is a framework for building scalable, standards-based web 
applications using well-established design patterns and the power of ASP.NET and the .NET Framework. At last for 
the database connection Entity Framework 5.0 was utilized which is a tool that enables point-and-click modification 
of a file. 
The main philosophy of  the developed GIS was the exploitation of a plant database containing all species 
requirements on a map screen using spatial data. In this way the administrator can digitize the urban and peri-urban 
forest and the spatial elements can automatically be followed by the variables that designate all species. 
  
The development tools and the functions of this GIS application as result of this work are presented at the flow 
chart of figure 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. The flowing chart of development and function 
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For the database construction 53 representative plant species were used and a number of selected properties were 
recorded for each species in the attribute table connected to the GIS application. These plant species are presented 
on Table 1.  
Table 1. The representative plant species 
 
Properties that were recorded for all plant species are  
1. Botanical name 
2. Common Greek name 
3. Family classification 
4. Evergreen / Deciduous  
5. Maximum height 
6. Canopy shape 
7. Growing care 
8. Water requirements 
9. Climate requirements 
10. Soil requirements 
11. Potential allergies 
12. Leaf density 
13. Envi-met code 
14. Environmental utility 
 
s/n Botanical Name Common Name s/n Botanical Name Common Name
1 Quercus ilex Holm Oak 28 Cedrus deodara Himalayan cedar 
2 Quercus macrolepis Valonia oak 29 Cedrus atlantica
3 Cupressus sempervirens Mediterranean Cypress 30 Cedrus libani Lebanon cedar 
4 Gold Crest Cypress 31 Thuja orientalis
5 Abies alba Silver fir 32 Araucaria excelsa Norfolk Island Pine 
6 Picea excelsa Norway Spruce 33 Eucalyptus globulus Tasmanian Blue Gum 
7 Pinus pinea Stone Pine 34 Populus alba Silver poplar 
8 Pinus brutia Turkish pine 35 Brachychiton discolor Lacebark Tree 
9 Pinus halepensis Aleppo Pine 36 Catalpa bignonioides Cigar tree 
10 Ceratonia siliqua Carob tree 37 Olea europaea Olive tree 
11 Phoenix dactylifera Date palm 38 Melia azedarach Chinaberry tree 
12 Magnolia grandiflora Southern magnolia 39 Robinia pseudoacacia Black Locust 
13 Prunus cerasifera "Pissardii" Pissardii plum 40 Buxus sempervirens European box 
14 Prunus laurocerasus Cherry laurel 41 Pittosporum tobira Japanese mock-orange 
15 Elaeagnus angustifolia Russian olive 42 Laurus nobilis Laurel tree 
16 Aesculus hippocastanum Horse-chestnut 43 Nerium oleander Oleander
17 Salix babylonica Weeping willow 44 Koelreuteria paniculata Goldenrain tree 
18 Cercis siliquastrum Judas tree 45 Ligustrum japonicum Japanese Privet 
19 Platanus orientalis Oriental plane 46 Citrus aurantium Bitter orange 
20 Platanus occidentalis American Sycamore 47 Arbutus unedo Strawberry tree 
21 Acer platanoides Norway maple 48 Hibiscus syriacus Rose of Sharon 
22 Acer negundo Box elder 49 Photinia X fraseri Red Robin 
23 Tilia europaea (platyphyllos) Common Lime 50 Lagerstroemia indica Crape myrtle 
24 Albizia julibrissin Persian silk tree 51 Euonymus japonicus Japanese spindle 
25 Morus alba White mulberry 52 Viburnum tinus Laurustinus
26 Morus platanifolia Mulberry platanifolia 53 Viburnum opulus Guelder Rose
27 Celtis australis European nettle tree 
 Atlas cedar 
Cupressus macrocarpa var. 
Gold Crest Oriental Arborvitae 
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Another recorded property was the type of the soil so as to aware of the soil affect on the micro climate of small 
areas.  
The types of the spatial information were points and polygons. The points pertain to individual tree digitization 
and the polygons pertain to green spaces digitization. The application in this construction stage was aimed to serve 
the scientific team collaboration to construct the platform and to digitize the urban forest elements in the four cities 
of Epirus Region. The networking of this GIS application was achieved using Internet on a password protected web 
site (Figure 2). 
 
 
Fig. 2. The User Name and Password screen 
Access for the application was given to the members of the scientific team which was working on the research 
program.  
The maps that were used for presenting spatial data, are free maps from Google Maps (Google Streets, Google 
Satellite and Google Hybrid) and the free maps of Hellenic Cadastre 
(http://gis.ktimanet.gr/wms/ktbasemap/default.aspx). The city boundaries for the four cities Epirus Region were also 
used for defining the working areas.   
3. Results  
The GIS application that was planned and developed is composed by 10 different screens including 3 main 
frames and many components.  
The first screen of the application is a typical window screen, with the tree frames visible. The first on the left 
contain 6 control button (home, maps, plant type, soil type, create Envimet Grid, Mobile Version). The main frame 
is the map presenting frame and a smaller frame on the top right is a check box frame for checking the wanted 
information to be visible on the map (Figure 3). 
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Fig. 3.The main interface of the application 
On the bottom of the main screen some control buttons were placed as tools for adding and editing elements such 
as polygons and trees (Points) and for quick link to every city's zoom screen (Figure 4).  
 
Fig. 4. Control buttons on the main screen 
By selecting any of the control buttons a new screen appearance either for entering the properties of the inserted 
tree (Figure 5) or polygon (Figure 6) or for editing the properties of an existing tree or polygon.  
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Fig. 5. Window for inserting or editing a tree 
 
Fig. 6. Window for inserting or editing a polygon 
 
In the window for inserting trees the properties that are recorded beyond the tree species are tree height, height 
where canopy begins, canopy height, canopy diameter, diameter breast height, perimeter breast height, tree health, 
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tree stability and notes. In other tabs data about damages, needed handling and photographs of the plant are 
recorded.   
In the window for inserting polygons the properties are the type of planting the type of property public/privet 
with public as default, the height and notes. Also in another tab  photographs of the polygon's area can be inserted.  
As the insertion of data is completed and by clicking the save button in every screen for acceptance, the program 
automatically 'drag' the registered data from the Plant Type Screen (Figure 7) where the 53 selected plants properties 
are already recorded by using the form for plant editing (Figure 8) and drop the records to the database. Every 
record is programmed to be inserted in the appropriate table of the database management system which has been 
planed for this purpose. In such way of communication between the main screen and the database, every saved 
record (point or polygon) can be easily showed up again in the main screen for editing if necessary.   
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. The plant type window 
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Fig. 8. The plant editing window 
 
4. Discussion 
The GIS application that was developed is an independent window application, which run in every modern 
computer with no need to be connected to any other software. It is user-friendly, based on the usual interface of most 
common window programs and can be used as a tool for network communication, cooperation and diffusion of the 
data among scientists and concerned citizens. As a GIS application  must do, this one supports the authorities to 
choose appropriate measures for urban forest management, protection and utilization by connecting attribute to 
spatial data. This gives each manager the opportunity to recording the current plant situation, detecting the existing 
and the future potential problems, estimating the cost of the needed actions and calculating the benefit-cost situation. 
And all these can be implemented for each individual plant unit either tree or polygon of plantation.  
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All these happens by analyzing the interaction which concerns the cultural measures and can be concurrently 
affected by a great number of authorized users because this application is a networking application using internet to 
establish communication among users.  
 For developing the GIS Application, Geoserver, PostGIS/PostgreSQL, OpenLayers, GDAL, PROJ.4, and Entity 
Framework 5.0 were used and ASP.NET MVC4 was used for developing the web site of the application. These 
information systems tools offered the application the feasibility to analyze a big store of data in short time, establish 
a handy and safe database connection and a user friendly presentation on the web site.  
The GIS application interface is presented in the Greek language because it was developed within a research 
program of TEI of Epirus called URBAN: Integrated Framework of Management, Protection and Utilization of 
Urban and peri-Urban Forest. A future extend of the application would be the creation of multiple versions of the 
interface, in other languages, such as an English version, a German version, etc aiming to be extensively used. 
However, changes have to be made also in the original code of the application aiming to fulfill the managerial needs 
of other type of forest ecosystems, too, except of Greek urban forests. 
5. Conclusions 
The specialized researchers, the Municipality Administration Services and concerned citizens, can easily use this 
GIS application. As information and communication technologies (ICTs) are key elements supporting the 
management planning in every service activity, using this GIS application in urban forestry management planning, 
can help urban forest managers to achieve exploiting green areas providing great environmental services to the 
citizens.  Benefits such as climate change mitigation, water control (irrigation needs, flood retention assessment), 
pollutant reduction, phytoremediation and energy saving can be gained for the whole urban and peri urban society. 
This specific application includes open source code, which can be upgraded in the future when new management 
techniques will come to the front. It is compatible to various software platforms so that in the future data can be 
broadly disseminated. At last using many new technology applications such as Internet, i-Pads and i-Phones for 
gathering information and communicate at once with multiple users, make this application easily transmitted and 
operated. Conclusively this GIS application is an appropriate tool for Municipality Administration Services in 
cooperation with researchers and concerned citizens, for seriously contribution to a better management of urban 
forest  providing metropolitan people better living conditions. 
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